Reductions in tobacco smoking are a major factor in the decrease in cancer mortality rates I t is difficult to quantify the benefits of large scale, preventive interventions taken in the past, because the size of the benefit depends on assumptions about what might have happened had there been no intervention. For example, if one wishes to measure how much of the decrease in cancer death rates in the United States is attributable to reductions in tobacco smoking, the most conservative approach is to consider only the time period during which cancer death rates actually decreased. This limits consideration to the observed decrease in overall cancer death rates that occurred among men (but not women) between 1991, the year when the age standardised cancer death rate peaked in the overall US population, and 2003, the most recent year for which final mortality data are currently available. 1 While it seems prudent to base the estimate only on observed data and only during the time period when cancer death rates actually decreased, this approach greatly underestimates the full impact of reductions in smoking on cancer death rates over the preceding three decades. It fails to consider first the attenuation of the increase and then the levelling off of the death rates from smoking related cancers that occurred before their actual decline. A different approach is needed to take into account what would likely have happened to cancer death rates over the last half century, had the health community not intervened to discourage cigarette smoking.
LUNG CANCER
We used both of the approaches mentioned above to estimate how much reductions in tobacco smoking have contributed to the decrease in mortality rates from cancer in the United States. We also used a third, related method to consider the impact of smoking reduction on the number of deaths from cancer.
In all analyses, we used lung cancer as a proxy to represent the total impact of cigarette smoking on all cancer mortality. We recognise that active smoking causes many other cancers besides lung cancer, including cancers of the oral cavity, nasal cavity and paranasal sinuses, nasopharynx, oroand hypopharynx, larynx, oesophagus (squamous and adenocarcinoma), pancreas, stomach, liver, kidney, renal pelvis, ureter, urinary bladder, uterine cervix, and acute myeloid leukaemia. 2 However, lung cancer deaths comprise the majority (80%) of all smokingattributable cancer deaths in the United States, 3 and cigarette smoking accounts for a larger fraction of lung cancer deaths in men (88%) and women (72%) than any other smoking-attributable cancer except laryngeal cancer. 3 The trend in mortality from laryngeal cancer is similar to that from lung cancer, but it accounts for only about 1% as many deaths. 1 4 Because of the high attributable fraction for lung cancer, the temporal trends in lung cancer mortality are much less influenced by changes in other risk factors or by the consequences of early detection and/or treatment than are other smoking-attributable cancers.
Our first approach considered only the observed change in death rates from all cancers combined and from lung cancer from 1991 to 2003. As shown in table 1, the overall cancer death rate decreased by 16.1% in men and by 8.4% in women from 1991 to 2003. During the same period, the lung cancer death rate decreased by 20% in men but increased-rather than decreased-by 9.6% in women. Based on the absolute change in the death rates, it can be seen that the decrease in the lung cancer death rate in men accounted for 40% of the decrease in the overall cancer death rate in men. In contrast, none of the decrease in the all cancer death rate in women was accounted for by lung cancer. In fact, the trend in lung cancer was in the opposite direction of the trend in overall cancer death rates in women. The decrease in overall cancer mortality in women would have been larger than it was, had there not been a small increase in lung cancer mortality.
As mentioned above, the first approach ignores the levelling off of cancer death rates that occurred in men since the mid-1970s, and in women since 1990. Figure 1 depicts the observed trends in the age-standardised lung cancer death rate as solid lines for men (red) and women (blue) from 1930 through 2003. As shown, the observed lung cancer death rate (per 100 000) in men increased steeply from 1950-1975, then increased more gradually through 1990, before beginning to decrease. Among women the lung cancer death where smoking prevalence was allowed to increase for longer before the introduction of control measures. In these countries the lung cancer death rate in men (standardised to the US 2000 age distribution) peaked at 114.5 in 1977 in England 6 and at 120.5 in Hungary in 1995. 7 Smoking prevalence in the United Kingdom peaked at 71% and 67% among men aged 25-34 and 35-59 years, respectively in 1948-52. 6 In contrast, the prevalence of current cigarette smoking among adult men in the United States decreased after reaching 52.5% in 1966. 8 
CANCER DEATHS PREVENTED
Our third approach to estimate the impact of reductions in smoking on cancer mortality in the United States considered the number of cancer deaths avoided rather than the reduction in death rates. We recognise the limitations of dealing with numerator data only (in this case deaths from cancer). Epidemiologists prefer to measure agestandardised rates rather than the number of people affected, because rates control for growth and aging of the population, whereas the number of people affected does not. However, despite this limitation, it is informative to consider the number of cancer deaths prevented or postponed by reductions in smoking, because this measure may help communicate the benefits of tobacco control to policymakers and the public. Accordingly, we estimated the number of cancer deaths that were prevented or postponed between 1991 and 2003 because of the reduction in the lung cancer death rate in men (fig 2) . fig 2 indicates that about 146 000 lung cancer deaths were prevented or postponed by the decrease in the agespecific lung cancer death rates in men between 1991 and 2003.
Even though this method considers only the observed change in lung cancer between 1991 and 2003, and like our first approach underestimates the full benefit of reductions in smoking on cancer mortality, it illustrates that a large number of deaths from lung cancer were avoided because of the decrease in the lung cancer death rate in men during this period. This in turn reflects reductions in cigarette smoking that occurred because of anti-smoking messages and other tobacco control measures implemented since the 1950s.
CAVEATS
Several caveats should be mentioned regarding these estimates. As noted, restricting these analyses to lung cancer without considering other smokingrelated cancers may underestimate the contribution of reductions in smoking by up to 20%. It would not be feasible to consider trends in all of the smokingattributable cancers in a brief editorial. Offsetting this underestimate, at least partly, is that we also ignored other risk factors for lung cancer, such as exposures to carcinogens in occupational settings that also have changed since the 1950s. Despite these limitations, we believe that the true contribution of reductions in smoking to the reduction in cancer death rates is within the range of our estimates.
The future benefits of reductions in smoking, derived from investments in tobacco control over the last half century, will be considerably larger than is their current impact on cancer mortality if current trends continue. Most of the reductions in lung cancer mortality that we are seeing now are only in men and largely reflect successful smoking cessation rather than decreases in smoking initiation among the young. Even the earliest birth cohorts in which adolescents who would otherwise have started smoking did not because of anti-tobacco measures, are only now reaching the age of 60. The impact of these birth cohorts on cancer rates will increase as they continue to age and reach the age range where most smoking-attributable cancers occur.
CONCLUSION
Even our most conservative estimate indicates that reductions in lung cancer, resulting from reductions in tobacco smoking over the last half century, account for about 40% of the decrease in overall male cancer death rates and have prevented at least 146 000 lung cancer deaths in men during the period 1991 to 2003. A more realistic straight line projection of what lung cancer rates might have become suggests that, without reductions in smoking, there would have been virtually no reduction in overall cancer mortality in either men or women since the early 1990s. The payoff from past investments in tobacco control has only just begun. The aging of birth cohorts with lower smoking initiation rates and the anticipated future decrease in lung cancer mortality in women will help to sustain progress. It is unclear how long the recent decrease in the number of Americans dying of cancer will continue, given the size of the ''baby boomer'' generation, even though the 2004 preliminary mortality data covering over 90% of the total US deaths 9 suggest that the decrease will continue in the near term. What is certain is that sustained progress in tobacco control is essential if we are to continue to make progress against cancer. 
